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ABSTRACT

Sponge cadmium anodes without any additives, except for the 5% carbone-
¥yl nickel powder conductor, showed the best performance characteristics in
terms of: (&) not poisoning the nickel-hydroxide cathodes, (b) having very
high weight and volume energy densities, (¢) exhibiting excellent active
material utilizations over a temperature range of -40°F to 125°F, and

d) showing the best capacity maintenance during prolonged deep cycling
100% depth of discharge). A ferric oxide extender is very beneficial to
cadmiun in terms of preventing "fade-out"; i.e., loss of electrical capac-

ity by the growth of cadmium and cadmium hydroxide crystals. However,
after 5 cycles, ferric oxide produces a significant loss in capacity on
the nickel-hydroxide positive. In the presence of ferric oxide, the oxygen
overpotential of the nickel hydroxide is reduced by about 50 to 80 v, a
process that reduces the charge acceptance of the positive. On prolonged
cyeling, the capacity loss of the cathode becomes progressively worse and
after 250 deep cycles the cell becomes virtually non-functional. In
cadmium-aeir cells, the ferric oxide exhibits no adverse effeet on the
platinum catalyzed alr cathodes. For the present time, therefore, the
sponge ceadmium anode best suited for high energy density nickel-cadmium
batteries eppears to be the one without any extender or expander. However,
for cadmium-air batteries, and possibly for silver-cadmium batteries, the
sponge anode containing 5% FeyOy is optimumly suited. Other additives,
such as indium and titanium dickxide, produced no significant improvements
in anode performance. Additives compatible with the nickel-hydroxide
cathode will be screened for the purpose of preventing 'fade-out" and
"memory" type capacity losses.
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electrical capacity by the growth of cadnium and cadmium hydroxide crystals.
However, after 5 cycles, ferric oxide produces a significant loss in capaeity on
the nickel-hydroxide positive. In the presence of ferric oxide, the oxygen over-
potential of the nickel hydroxide is reduced by about 50 tc 80 mV, a process that
reduces the charge acceptance of the positive. On prolonged cyecling, the capacity
loss of the cathode becomes progressively worse and after 250 deep cycles the cell
becomes virtually none-functional. In cadmium-air cells, the ferric oxide exhibits
no adverse effect on the platinum catalyzed air cathodes. For the present time,
there?.. .. the sponge cadmium anode best suited for high energy density nickel-
cadmi - oitteries arpears to be the one without any extender or expander. However,
for cal. :ium-air batteries, and possibly for silver-cadmium batteries, the sponge
anode containing 5% Fe203 is optimumly suited. Other additives, such as indium
and titanium dioxide, produced no significant improvements in anode performance,
Additives compatible with the nickel-hydroxide cathode will be screened for the
purpose of preventing "fade-out" and "memory" type capacity losses.
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ALKALINE CAIMIUM ANODE CTUDIES

INTRODUCTION

-In the USAECOM internal program on the development of the cadmium-air
battery, the loss in capacity by the cadmium anode was overcome by mixing
54 FenD~ and 5% earhonyl nickel nowder into the active 040 powder, l.2.°
Fleischer* reports that 1% indium expander* favorebly improves the solid
state reaction of the cadmium ancde. This expander is reported %o signifi-
cantly improve the low temperature parformance of the cadmium ancde. How=
ever, it is also reported that the beneficial eifects of indium do not
become apparent until after 50 to 100 eycles. Finally, in addition to the
need for extenders** and expanders, the state-of-the-art alkaline cadmium
enode requires a conductor. This is provided by mixing 5% carbonyl nickel
powder or finely divided silver powder into the active Cd0. For high rate
application (greater than the C rate), the USAECOM cadmium anode was ren-
dered highly conductive by pasting the active CdO mix into a foam nickel
matrix of 97% tl% porosity and then compressing the electrode to a porosity
of 60~65% (in the charged state).

EXPERIMENTAL IROCEIURF

The sponge cadmium anodes were prepared in the following manner:
(a} cadmium oxide (Fisher Certified, Cat. No. C-16) was homogeneously
blended with 5% by weight of carbonyl nickel powder (Internationsl Nickel
Company, Type 255, and 2.5-5% by weight of extender, if so desired. (The
ferric oxide extender (Fisher Certified, Cat. No. I-116) and the Teflon
extender (Dupont TFE 40) were employed in this study. THtanium dioxide
(Fisher Certified, Cat. No. T-315) was also investigated ms an extender.
Indium hydroxide was investigated as an expander (to render Cd(OH), more p
as a semiconductour)), (b) 3.50 grams of cadmium oxide mix were mold pressed
into an electrode containing an Aldex paper wrap (Aldine Corporation), a
5 Ni-15=2/0 nickel Exmet grid (Exmet Corporation), and & nickel tab. The
electrode dimensions were: 0.026" in thickness, 1-1/2" in height, and
1-7/8" in width; the electrode porosity (in the fully charged state) was
62.5%., The unit nickel-cadmium cells were constructed as follows: (&) one
test cadmium oxide anode was inserted into a heat sealed polyamide Pellon
bag of 6 mil thickness (2506K, Pellon Corporation), (b) two nickel hydroxide
cathodes - the capacity of the two cathodes being much greater than the
single cadmium anode - were also inserted into heat-sealed polyamide Pellon
bags, and (c) a partially charged nickel hydroxide electrode was also
wrapped by 6 mil polyamide Pellon (this electrode serves as a reference
electrode).

*an expander is a material that incorporates itself in the crystal lsattice
of the active host material.

**An extender is a material that blends with the particles of active
material and thereby blocks the growth of smooth, pure crystals.
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In the case where the single electrodc cell contained a single test
nickel hviroxide cathode and twn snange cadmium anndea; tha teat. ~rll was
designed to determine the effect of the cadmium anode on the performance
characteristics of the nickel cathode. The electrode pack was finally
inserted inlo o smail ecycolme cell case and shimmed so that the internal
¢cell pack pressure fell in & range of 1-5 psig. The cell construction
was completed by attachment of cell cover and terminals, At'ter cell
assembly, and allowing cufficient time for the Epoxy cement to dry and
set, the cell was filled with 30% KOH +1% L1OH to a level one half the
height of the electrodes.

The cell was cycled using an automatic cycler with the voltage cutoff
set at 1.55-1.75 volts on charge (depending on rate) and 0.80 volts on
discharge. Cell and reference readings were taken with a potentiometer.
Charge-discharge curves were automatically recorded by a Honeywell-
Electronik voltage recorder. 3ince the cells had Bunsen valves attached
to each vent, carbonatinn of the electrodes was slight.

RESULTS AND DISCUSSION

Performance of Single Sponge Cadmium Anodes in UNickel-Cadmium Cells at
Various Rates and Tempersatures

was pointed out in earlier USAECOM studies ol the cadmiwun
anode, 253 an electrode had been developed to deliver 0.30 Ah per gram
of electrode weight at the C/5 rate. These electrodes were of the sponge
type and maintained sbout 80% ocf theoretical capacity when continuousl{
cycled at 100% depth of discharge (G/5 rates of charge and discharge).
loss of capacity was prevented by: (a) employment of 5% Fen0 extender,
(b) elimination of carbonate within the cell, (c) moderate oVercharging
during initial cyeling, and (d) charging at rates between ¢/5 and C/2.
Shorting by cadmium penetration through the separator system was prevenied
by: (a) elimination of carbonate, and (b) the employment of bibulcous inert
interseparators between the anode and maln separator.

In this second phase of the program, to improve the electrochamical
performance of the alkaline cadmium anode, effort was directed towards:
(a) testing three optimumly desighed anodes in single =lectrode cells
(one test negative and two positives with excess capacity) at various
discharge-charge rates and at various temperatures, (b) determining the
compatibility of the anodes with state-of-the-art nickel hydroxide
electrodes, and (c¢) ascertaining the cycle life of the anodes in positive
limiting nickel cadmium cells (which is the standerd design feature of
secondary batteries).

Table I shows the performance data of various cadmium ancdes from
cells that were designed negative limiting; i.e., one anode aand two nickel




hydroxide cathodes with excess capacity. In the maln, the following types
of negetives were studies:

~ev s e -

Ve Al uv.:hu.\u.vc
NC-69-1 . Sponge; 95 Cd0 + 5 Ni (control)

NC-69-2 Sponge: 90 CdO + 5 Ni + 5 Fe203

NC=69-3 Sponge: 94 CdO + 5 NL + 1 In

NC-69-k Sponge: 89 CA0 + 5 Ni + L In+ 5 Fe203

NC-69-5 Gintered Nickel Cd Anode from Sonotone
NC-T0-1 Sponge: 95 Cd0 + 5 Ni (repeat of control)
NC~-TO-2A sponge: 90 CdO + 5 Ni + 5 Tey0g {repeat)
NC-TQ-3 Sponge: 92.5 Cdo + 5 Wi + 2.5 T‘iO2

NC-T0-2B Sponge: 90 CdO + 5 Ni + 5 Fey0g (repeat)

The test cells were regimed at various raten of charge and déscharge
- and at various temperatures; namely, 36 mA/inh (100 mA), 90 mA/i

180 mA/in®; -bo°F, -25°F, B0°F, and 125°F, respectively, From the data
in Table I, the following is apparent:

a. The anode with 5% ferric oxide extender exhibited the highest
energy density on both a weight and vclume basis, particularly at low
temperatures and high rates of charge and discharge.

b, The standard sintered-nickel cadmium anode possesses the
lovest energy density and specific capecity of all the electrodes tested,
As a matter of fact, the sponge anode {NC-69-1, NC=T0-1) without any
extender or expander has an energy density almost double that of the
standard electrode.

c. F9903 lowers the hydrogen overpotential of the cadmium anode
by 50-150 mv, depending on the rate of chaige.

d. Indium expander showed no significant improvement in anode
performance. However, it is reported that the beneficial effects of this
‘additive do not become manifest untll after 50 to 100 cycles.

e, Titanium dioxide extender, likewise, did not show any
significant improvements in cell performance.

The pertinent findings of this investigation are shown in grephic
form in Figures 1 to 4, Figure 1 shows the cadmium utilization at various
temperatures in terms of ampere-hours per gram of cadmium metal of a sponge
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anode without extender (control, open circles), a sponge electrode with

5% Fey03 extender (black circles), and a sintered- nickel cadmium anode
(open squares). The discharge rate was 200 mA (36 mA/in2). Figure 2 shows
the utilization of the same electrodes at the 1.00 ampere rate (180 mA/in‘)
F‘lglfF 3 ir A I\TM nf lnh‘\.m.-hmn‘- Der wad w‘hJL Af nndmdim nl:-bn =t wemwd aven
temperatures, the rate being 200 mA. This figure clearly points out the
vast superiority of the sponge anndes over the standard sintered types.
Finally, Figure & shows the speciric capacity (Ah/in3) of the three elec-
trodes at various temperatures. Again, the ccntrast between the sponge
and sintered electrode is vividly manifested.

Performance of Single Nickel Hydroxide Cathodes as Affected by the Sponge
Cadmium Anodes

Although tbe single anode cell tests of the prezeding section showed
the sponge anodes, particularly the one with 5% Fe 203 extender, to be the
good electrodes, their compatidility with the nickel hydroxide positive
must still be determined, especially over a period of prolonged deep
discharge cyecling.

Table II shows the performance data of three single electrode cells at
various temperatures and rates of charge and discharge. The cells were
designed with one nickel hydroxide cathode and two sponge cadmium snodes
with excess capacity. The cell constructions were as follows:

Cell Type Positive Type Negative
NC-70~h 1 X Texas Insfruments 7 2 X Sponge 95 Cd0 + 5 Ni
NC-T0-5 1 X Texas Instruments 2 X Sponge 90 CA0 + 5 Ni + 5 Fe203

NC-T0-6 1 X General Flectric (SAFT) 2 X sponge 95 Cd0 + 5 Ni

From the table, the following is apparent.:

&. Fes0; is detrimental to the nickel hydroxide positive. This
becomes significan é after 4 to 5 deep discharge cycles. In the presence
of Fep03 , the oxygen overpotential of the positive is reduced to zbout
40-80 mV, which probably aecounts for the mechanism of the capacity loss.

b. The sponge negative without any additives is very compatible
with the nickel hydroxide cathode.

Cycling Date of ingle Nickel lydroxide Cathodes Coupled with Various
__Sponge Cadmium Anodes

The three cells of the preceding section were placed on an automatic
cycler to be c¢ycled for life. Charging was at 500 mA for two hours at room
temperature. Discharging was at 500 mA to a voltage cutoff of 0.30 V,
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The capacity meintenance curves of the three cells are shown in
Figure 5. Here it is seen that Fep03 will rapidly degrade the cell capacity
to a non-functicnal level in less than 250 cycles. Fortunately, the cells
with the sponge anodes containing no additives (except for 5% carbonyl

nickel conductor) did not impair the electrochemistry of the nickel hydrox-
ide eathnda avar tha 00 nynlsa tectad.

On the basis of these findings, the only acceptable anode for a state-
of-the-art nickel-cadmium battery is the sponge anocde without additives.
However, as shown in Figures 1 - 4, the incorporation of & beneficial
extender is desired, particularly at low temperatures and high rates of
discharge; therefore, the search for a compatible extender and/or expander
is fully warranted.

CONCLUSIONS

" At the present time, the best cadmium anode in terms of maximum
utilization of active materials and maximum weight and volume energy den-
sities in nickel-cadmium cells is & sponge cadmium electrode with 5% nickel
carbonyl conductor. In addition, this electrode exhibited the best mainte-
nance of electrical capacity during prolonged deep discharge cyeling. In
add%tion, its capacity was excellent over a temperature range of -LO°F to
125°F.

Ferric oxide which is a very beneficial cadmium extender in cadmium-
air cells and in negative limiting nickel-cadmium cells, was detrimental
to the nickel hydroxide cathodes in nickel-cadmium cells after 5 cycles.

Other addiﬁivés, such as an indium exﬁander and aiTioa exténdef; ﬁere
found to have little affect on the capacity of the cadmium anode.

FUTURE WORK

Extenders will be investigated which are compatible with the nickel-
cadmium system. Materials must be selected that: (a) do not lower the
oxygen overpotential of thc nickel hydroxide electrode, (b) possess crystal
lattice parameters similar to thet of Cd(OH) , (¢) are relatively insoluble
in alkali, (d) do not lower the hydrogen overpotential of the cedmium ancde
appreciably, and (e) do not increase the resistivity of the asnode.

Negatives with indium expanders and TiO, extenders should be life
cycled versus a control to Jetermine if "memory or "fade-cut" can be
prevented.
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